An important question for firms and policy makers is whether the recruitment of foreign workers can boost innovation. Migration studies have demonstrated positive economic impacts of cultural diversity on productivity and innovation at the regional level, but the impacts at firm level are less well known. Merging data from four different sources, provided by Statistics Netherlands, we construct and analyze a unique linked employer-employee micro dataset of 4582 firms that includes qualitative information on firm innovation. We consider both the number of immigrants these firms employ and their cultural diversity. Potential endogeneity of migrant employment is addressed by an instrumental variables approach that accounts for the past geographic distribution of immigrants and the past culinary diversity of the municipality the firm is located in. We find robust evidence that firms employing relatively more migrants are less innovative. However, there is evidence of integration in that this effect is generally less strong or even absent for second generation immigrants. Moreover, firms employing a more diverse foreign workforce are more innovative, particularly in terms of product innovations. The benefits of diversity for innovation are more apparent in sectors employing relatively more skilled immigrants. JEL codes: D22, F22, O31
Introduction
One of the major mechanisms for the diffusion of knowledge is the mobility of people. The geographic mobility of labor relocates human capital and its embodied knowledge and personal experiences (Döring and Schnellenbach, 2006) . The importance of this knowledge transfer is increasing. The global economy is creating an unprecedented demand for a diversified and open-minded workforce while highly-skilled workers are seeking opportunities to utilize their human capital abroad and increase their income and experience. For example, an estimated 900,000 highly-skilled professionals entered the US between 1990 and 2000. Moreover, temporary workers account for one-sixth of the total IT workforce in the US (OECD, 2002) . Such phenomena increase the rate of circulation of talent over space and across firms, leading to much greater diversity of the workforce than a few decades ago. Large, and often export-oriented, companies are seeking nowadays knowledge workers from all over the world (Saxenian, 2006; Page, 2007) . For example, international transferees of multinational firms transmit knowledge in the form of experience and work practices across borders. It is an important question for firms and for governments to ask whether there are productivity-enhancing impacts from growing diversity among employees within firms.
A recent branch of migration literature has been focusing on the association between innovation and the presence of foreign workers. This literature, reviewed in, e.g., Ozgen et al. (2012) , has tended to treat immigrants as a rather homogeneous group of employees. Potential skill complementarities and ethnic or cultural backgrounds of employees have often not been explicitly taken into account. Most studies use various firm characteristics as the main determinants of innovation and estimate a so-called knowledge production function (e.g., Audretsch and Feldman, 2004; Cohen and Levinthal, 1990) . Such studies have often overlooked the characteristics of individual employees. The latter are clearly needed to assess the impact of employee diversity on the innovativeness of firms. To date -with the exception of Parotta et al. (2011) , Lee and Nathan (2010) , Simonen and McCann (2008) and Almeida and Kogut (1999) -there has been very little empirical evidence that takes the presence and characteristics of foreign employees into account in identifying the determinants of innovation at the firm level. We therefore focus in this paper on the effects of foreign employees with diverse backgrounds on firm innovation.
We utilize high-quality linked employee-employer data at the firm level, obtained from four different collections provided, in a secure environment and under a confidentiality agreement, by the Central Bureau of Statistics for the Netherlands (hereafter Statistics Netherlands). We combine survey and administrative information that relates to the period [2000] [2001] [2002] . We study by means of the resulting unique micro-dataset of 4582 firms whether the presence and relative numerical importance of migrants among the firms' employees influences the firm's selfreported innovativeness. We also test whether cultural diversity among these migrants is more conducive to innovation. Clearly, cultural diversity is a multidimensional concept (Wimmer, 2008) , influenced by many factors (e.g. language, ethnicity, religion, identity, etc.) . Due to data restrictions, we proxy cultural diversity among employees simply by birthplace but allocate birthplaces to culturally distinct groups. While this approach never fully represents cultural diversity, it has the advantage that birthplace information is objective and time invariant. The benefits for innovation obtained from a culturally diverse workforce are expected to be larger in sectors that employ high-skilled migrants and we account for this by excluding in some regressions sub-sectors that employ predominantly unskilled migrants.
Our study is the first to analyze innovation effects of foreign employees by means of a representative micro dataset at the firm level in the Netherlands. A potentially important issue is that of reverse causality. Foreign workers are not randomly assigned to more or less innovative firms. We address this issue by an instrumental variables (IV) approach that exploits the historical distribution of immigrants and past culinary diversity of the community the firm is located in. We exclude the hospitality sector in IV regressions of innovation because in that sector -in which ethnic restaurants employ migrants of the same or similar cultural background -the instruments would be correlated with the error term of the regression. We find that the instruments are adequate for the other sectors, with the overidentifying restrictions satisfied.
We proceed as follows. The next section briefly reviews a range of channels through which the employment of immigrants can impact on firm innovation. Section 3 then describes the strategy we adopt to identify the net effect of the presence and cultural diversity of immigrant employees on the responses firms give in the Netherlands Community Innovation Survey. The data are outlined and summarized in section 4. Section 5 reports the results of regression modeling and a range of feasible robustness checks, while section 6 sums up.
Theoretical linkages between immigration and innovation
An innovation is primarily the introduction of something radically new in the operations of a firm, obtained by means of analytical knowledge. The improvement of an existing product or the modification of an existing process or organizational arrangement can also be viewed as an innovation. Technological advances come from things that people do (Romer, 1990) . Many worker characteristics, such as age, education, occupation, cultural background and language may affect knowledge acquisition and worker mobility (Poot, 2008) . Current knowledge is the outcome of accumulated efforts. Each inventor begins from where its predecessors left off. The inventor explores the latest generation of products and services, and makes use of market knowledge that embodies a cumulative investment in time to develop products and processes (Grossman and Helpman, 1994) . The presence of foreigners with diverse backgrounds in a labor market may serve to enrich this cumulative effort.
There have been many studies that have analyzed the impact of infrastructural and organizational aspects of firms on innovativeness. The importance of ideas rather than physical assets has only recently entered the innovation research agenda (Jones and Romer, 2010) . The biggest change in the recent scientific literature is that it is now not the firm but the employees that are seen as a major source of innovation. One key focus of this new approach is the impact of foreign workers on the innovativeness and productivity of host firms and countries. Thus, one branch of this literature analyses the impact of foreign entrepreneurs, students and inventors on innovation (Stuen et al. 2012; Kerr, 2010; Kerr and Lincoln, 2010; Hunt and Gauthier-Loiselle, 2008; Lobo and Strumsky, 2008; Zucker and Darby, 2007; and Faggian and McCann, 2006) . Evidence of spillover benefits from skilled foreigners joining an organization applies even to professional sports (see Alvarez et al. 2011) . Another branch of this literature discusses the innovative and productive effects of externalities created by clusters of immigrant groups with diverse cultural backgrounds in particular regions (Ozgen et al. 2012; Niebuhr, 2010; Mazzolari and Neumark, 2009; Südekum et al. 2009) . A major focus of this type of study is the average effect of immigrant diversity on regional productivity or innovation.
The most common methodological approach to analyzing the innovativeness of firms has been the use of a knowledge production function (KPF) (Acs et al. 2002) . This approach considers the number of R&D workers and the quantity of human capital generally (mostly accounted for by the educational attainment of the employees) as inputs into innovation, no matter what cultural background the workers have. A common KPF specification is as follows:
where the dependent variable I is the degree of innovative activity; the RD variable denotes an index of all kinds of R&D inputs; and HK represents an index of human capital inputs. The subscript i refers to the unit of observation, which is usually a firm or an establishment, and the parameters are estimated by log-linear regression. However, there is a spatial dimension to innovation. This has led researchers to focus on the external forces and internal features of firms that stimulate innovation. Numerous studies scrutinized the significance of the external environment of a firm in terms of demand-supply links, industrial clusters, and diversity of production. The studies on the internal features of a firm emphasize the importance of a firm's resources for innovation, such as R&D expenditures and the presence of high-skilled workers. Moreover, the 'absorptive capacity' of a firm determines whether locally produced knowledge will be utilized, improved and turned into creative outputs (Cohen and Levinthal, 1990; Caragliu and Nijkamp, 2012) . This absorptive capacity may depend on the diversity of firm employment. Studies of inventors and their networks highlight the significance of spatial proximity and knowledge exchange among diverse groups of inventors (e.g. Agrawal et al. 2008 ). However, very few studies undertake their analysis at the establishment level, the smallest local production unit where the transfer of tacit knowledge is most likely to take place. Establishments can import new knowledge via employing 'talent' that already embodies such knowledge. Some firms are more likely to hire foreign workers than others, for example because they produce a wide range of products and services or because they sell to a wide range of countries (multinationals like Google are a perfect example). Alternatively, spatial proximity of talent at the firm's location may also provide a critical mechanism for knowledge flows.
We conclude that there are various positive impacts of cultural diversity on the innovativeness of firms that operate at the firm level as well as at the local community level. These benefits of cultural diversity are summarized in Table 1 . Besides knowledge spillovers from ideas and practices, the benefits of cultural diversity also include trade facilitation through networks, trust and institutional knowledge. Moreover, migrants may be positively self-selected in terms of intelligence, creativity, willingness to take risks, and entrepreneurship. They may help to reduce vacancies of key personnel. Additionally, they tend to be relatively young, which increases mobility and creativity. Their resilience may enhance decision making under uncertainty (e.g. Page, 2007) .
However, beyond these positive effects of immigrants at the firm level there are also positive external effects at the community level. These effects are also included in Table 1 . Positive externalities include the role of cultural diversity as an amenity: an increased demand for ethnic goods and services in the community which local firms can aim to satisfy. Additionally, local population growth through immigration contributes to agglomeration advantages, greater aggregate demand and additional gross fixed capital formation, with new technology embodied in new capital. Diversity may also improve community cohesion when bridging-type social capital formation leads to cross-cultural cooperation. Such positive externalities may contribute to an innovative 'milieu'.
On the other hand, the literature -such as reviewed by Alesina and La Ferrara (2005) -also points to a range of potentially detrimental effects of ethnic or cultural diversity, both at the firm level and as an externality in the community. A negative impact of migrant diversity is the possibility of fractionalization: cultural and language differences can lead to communication problems, less trust, greater potential for conflict among staff, and discrimination of minorities. Such conditions may hamper innovation. Moreover, the greater labor intensity of production, which is a rational response to lower wages paid to immigrant workers, may lead to lower capital investment in the short run (the substitution effect), although this can possibly be offset by firm expansion in the long-run (the output effect). Additionally, the spatial sorting of native born and immigrant workers at the community level can lead to greater spatial segregation. This may imply less cross-cultural relations and trade, and lower spatial mobility and knowledge transfers in the long run. Additionally, "within group" bonding-type social capital formation can lead to "between group" conflicts and polarization. Finally, diverse communities may exhibit political fragmentation and instability that discourage innovation.
To date, no empirical research has yet been able to separate these different channels of influence of cultural diversity on innovation. The results that are reported later in the paper must therefore be interpreted as providing evidence of a net effect, or balance of effects. It is clearly a challenge for future research to identify the importance of each of the channels described above and summarized in Table 1 .
Empirical strategy
In this section, we briefly explain the approach used by Statistics Netherlands to sample firms in the 2000-2002 survey of innovation, called Community Innovation Survey (CIS) 3.5, which provides the anchor of our empirical strategy. We also provide details • Representation: Political fragmentation and instability of how the sample was modified. Finally, we describe the econometric modeling methodology used. To create the sample used for CIS 3.5, Statistics Netherlands selected firms from the General Business Register. Only firms with SBI (business activity code) 1 through 74, 90, 92 and 93 were included. The excluded codes refer mainly to public-sector and NGO-type of activities. A further selection was made based on firm size. Firms employing less than 10 persons were not included in the sample. Firms employing more than 50 persons were all included in the sample. For firms employing 10 to 50 persons, only a fraction was randomly selected into the sample. The size of this fraction depends on the SBI code and firm size. After the survey, a weighting factor is calculated per stratum. A stratum is defined on the basis of two indicators: the 2-digit SBI and firm size 1 .
Given that the key variable of the innovation survey is binary (a firm has conducted innovative activities or not), we utilize a linear probability model for ease of interpretation of marginal effects with respect to the impact of foreign workers on innovation. We also estimated probit models which yielded highly similar results that can be provided upon request. The probability that a firm reports any innovation is in our model a function of various firm characteristics, with the emphasis on the composition of employees (for summary statistics see Table 2 ).
Dependent variable
The CIS survey provides three different dependent variables: firstly, a variable which indicates whether a firm reported innovation activity in general; secondly, the presence of product innovation; and thirdly the presence of process innovation 2 . The dependent variables are binary and take on the value of 1 when the firm is an innovator and 0 otherwise. Although CIS provides additionally information on the economic gains from the new products through questions on 'the share in total sales due to new products' , answers to these questions are rather subjective and imprecise (Mairesse and Mohnen, 2010) . Thus, the selected binary dependent variables are considered effective to gauge the impact of diversity on innovation. Therefore, our survey data test whether the presence and diversity of immigrants, once correctly instrumented, trigger firms to report innovation activity. The econometric specification we estimate is as follows:
where the dependent variable is one of the three innovation types mentioned above, and i stands for a firm, i = 1,2,…..N. Firm variables include firm size, the stock of human capital and a set of other control variables. Firms are more likely to be innovative if they are more export-oriented and internationally connected. We control for this by adding the location of a firm's headquarters into the econometric modeling. Moreover, 22 macro-sector fixed effects account for sector-specific shocks and unobserved heterogeneity (identical with 2-digit NACE codes, see the Appendix).
We also utilize reported obstacles to the innovation process to account for the availability of innovation inputs 3 . Hence, we take account of whether a firm reports a lack of personnel or technology as a constraint to innovation. Long-term planning of a knowledge acquisition strategy is an important factor for the success of innovation activity. We therefore include knowledge acquisition strategy planning as another control factor in our estimations 4 . Finally, we use the extent to which firms declare to be open to change as an additional attitudinal variable. Jensen et al. (2007) argue that the organizational capabilities of firms impact on innovation, possibly as much as science and technology investments do. These firm variables used in our estimations are common indicators of innovativeness at the firm level. We now take the literature one step further by accounting for the composition of employment. The employee features considered in the analysis include the ethnic, demographic and occupational characteristics of the workers. The age composition of a firm's workforce, measured by the shares of specific age groups in total employment, is used to test whether more youthful firms are more innovative (see, e.g., Poot, 2008) . Similarly, the shares of various skill categories in total employment are used to test the impact of skills on innovation. We use the ratio of the number of foreigners to the total number of employees per firm as an indicator of the firm's overall ethnic structure. Additionally, we complement this 'share of foreigners' with measures of diversity in which the country of birth composition is explicitly taken into account.
The selection of a diversity measure depends on the research question and the nature of the data. From the many diversity indices available, we chose the diversity index of Alesina et al. (2003) , also called the fractionalization index, which accounts for the share of various groups of foreigners in a firm's employment. We exclude the native population from calculating the diversity index, i.e. the measure reflects diversity among immigrant employees, not between the native born and immigrants. If natives are included in the measure, the diversity index is in practice (given that in most cases the native born account for 80 to 90 percent of employment) highly correlated with the share of migrants in total employment. However, the diversity among migrants index and the share of migrants in total employment are only weakly correlated (see also Ozgen et al. 2012 ). The index is calculated as follows 5 :
in which s ji is the share of the group j (j = 1, …, N) in foreign employment of firm i. The diversity of a firm increases with an increasing value of the index. The index value can range between 0 (all migrants originate from the same country) and 1-1/N (there are an equal number of migrants from each of all N country groups).
The innovativeness of a firm may also be influenced by a different form of diversity: not based on the composition of employment, but simply on the maximum variety of backgrounds of people present. If one considers that each country has its own distinct features, then the way people think, act, and work will vary with the number of countries represented in each firm. Therefore, a simple count of the unique number of countries of birth represented in each firm is an alternative measure of diversity at the firm level:
in which U ji is a dummy variable that is equal to one when country j is represented in firm i and zero otherwise. Hence the value of Unique increases with the increasing number of countries represented in each firm. Its value ranges between 1 and N 6 .
Description of foreignness
Since foreign employees are central to our analysis, a clear definition of foreigners is essential. Our dataset allows us to observe the birthplace and country of citizenship of an employee, as well as the birthplaces of both parents of the same employee. During the life course, an employee may move from one country to another and obtain a second citizenship, or change citizenship. Moreover, countries may categorize non-natives in different ways. For example, The Kingdom Act on Dutch Nationality identifies a Dutch person according to the parents' birthplace and/or the individual's birthplace. Thus, a person in The Netherlands is called 'allochtoon' if that person was born abroad or at least one parent was born abroad. In our analysis a foreign employee is simply any employee who was not born in the Netherlands 7 . However, this definition excludes the foreign born children of Dutch-born parents (who would typically be Dutch expats or return migrants). One may argue that an employee who entered the Netherlands at a very early age is likely to acquire skills of the host country like a native. Although we also observe acquired Dutch citizenship, we cannot unfortunately observe the year of entry to the host country. However, to consider immigrant integration, we identify second generation foreigners based on the birth places of the employees and their parents. Thus, if a person was born in the Netherlands and neither or at most one of the parents was born in the Netherlands, then we identify him or her as a second generation immigrant. We argue that if at least one of the parents was born abroad, the child would still identify, to an extent, with the foreign-born parent's cultural background.
Addressing endogeneity issues
To assess the impact the foreign employment on a firm's innovativeness one has to take into account that the share of foreigners among a firm's employees may be a function of the firm's innovativeness. The bias introduced by ignoring this reverse causality is not a priori clear. On the one hand, skilled migrants may be non-randomly sorted into more innovative firms that perhaps pay better or offer better career opportunities or actively promote diversity. On the other hand, less innovative firms could use relatively more traditional and labor intensive production methods and recruit relatively many less skilled workers, among whom relatively many less skilled migrant workers may be found. The impact of endogeneity of migrant employment is therefore an empirical matter which we address by applying instrumental variables (IV) estimation, in which we employ two instruments to account for the potential endogeneity of the share of foreigners in a firm's employment. The share of foreigners measures employment diversity between migrants and natives. We do not instrument diversity among immigrants, because if there is any selection at all, immigrants would be generally keen to work with migrants from their own cultural background, not from other backgrounds. It is not likely that innovativeness of a firm is, at least in general, a good predictor of a potential employee finding his or her cultural background represented in the firm.
The literature suggests that the past stock of immigrants can help to identify the impact of the current stock. It is widely accepted that new immigrants follow 'well-trodden paths' in terms of their location preferences even when local economic conditions that attracted earlier immigrants would not have been the same as those today. Consequently, we use the natural logarithm of the 'allochtoon' population by municipalities in 1996 as the first instrument for the 2002 share of foreigners in any firm. The year 1996 is the earliest date for which the 'allochtoon' population of the Netherlands can be disaggregated to the municipal level.
Secondly, while thinking about an instrument for foreign labor sorting, it is crucial to make a distinction between production and consumption externalities related to the presence of immigrant communities. Immigrant labor is an input into production, which can have productivity effects. Ethnic goods and services are a result of consumption demand. Foreign labor tends to be concentrated in certain cities and precincts, including in the Netherlands, where it creates demand for 'home goods and tastes' (Clark, 2002; Shapiro, 2003; Florida, 2003) . The migrants can import these products themselves or start producing them in the host country, for example, by opening restaurants and shops specialized in ethnic cuisines. Immigrants do go for lunch or dinner in "restaurants of their own nationality" and consider proximity of such restaurants a benefit of their residential location. A typical example that would apply to many cities is the presence of an ethnic precinct such as Chinatown. Ethnic precincts attract both the migrant group for consumption activities and employment, but also the native population for consumption activities. The native population will increasingly demand the same goods due to the demonstration effect and the increased culinary variety (e.g. Gabaccia, 1998; Bakens et al. 2013) . However, there is no reason to expect that the innovativeness of firms determines the location of restaurants offering foreign cuisine, when we exclude in IV estimation the hospitality sector itself. We therefore use the number of foreign restaurants per 10000 population in municipalities in the year 1996 as another instrument to account for the sorting of foreign labor. The dataset comes from the HORECA database in the Netherlands 8 . Our identification strategy could break down if innovation is predominantly undertaken by young firms that locate in ethnically diverse areas with many foreign restaurants, for example in order to recruit foreign employees. However, the percentage of innovating firms (38 percent in our data) is much larger than the percentage of firms less than three years old (about 15 percent) 9 . based on OECD averages). Moreover, because the Netherlands has strict and complex residential and commercial zoning regulations, the location decisions of the vast majority of firms in our sample, mostly long established, can be credibly assumed to have been unrelated to the presence of foreign restaurants. . By using this available information, we created a master dataset in which we can identify firm-level information about the employees, their ethnic origin and location at the municipality level, while we also have extensive knowledge about the characteristics of the firms. The master dataset was created in three steps. Firstly, CIS was merged with REOS to identify the number of employees per firm by using firm ID as a key variable. Secondly, we merged this new data set with the municipality registrations, from which we obtain the birthplaces, and various other characteristics of employees. Finally, because none of these datasets include information on the occupation and professional background of employees, the CIS_REOS dataset was merged with the labor force survey EBB to retrieve skills information. However, this step reduces the data set from a census of firms to a survey of employees in Dutch firms. As a result of this final merge, 45 percent of the firms that are in the CIS 3.5 remain included in the master dataset. This was the only way to obtain the skills of the employees. However, given that the Labor Force Survey is a representative random sample of the Dutch workers, the final dataset remains broadly representative of Dutch firms (with 10 or more employees). To avoid employee characteristics being directly affected by the measured innovation, the variables on employee characteristics were lagged by two years (i.e. they refer to the year 2000), while innovation information has been reported at the end of 2002.
Description of the constructed dataset
Employees who are under 18 years old, and those who earn less than €10 a month are excluded from the database. The REOS database reveals information about people who were active in the labor market on 31 December 2000. They are assigned to the firm they worked for on that date, irrespective of when they started to work in that firm, or if they changed jobs subsequently. If the worker was observed in the dataset multiple times (multiple jobs), the job with the longest job spell was selected. Personal characteristics (age, marital status, citizenship, etc.) are those corresponding with the most recent residential location (in 2000) , and each individual is counted only once. If an employee changed address, the most recent location defined the household address. The same methodology was applied to the observations from the EBB survey.
Description of firms
As a result of the several data merges, the total number of employees in the dataset is 1.3 million (about 10 percent of the active working population) and the total number of foreign employees is 187,277 (about 13 percent of the employees in the sample). Our dataset consists of 4582 firms of which half have 100 employees or more (see Figure 1) .
The most common sector is Wholesale Trade and Repair (15 percent of firms), followed by Other Business Services (14 percent) and Construction (11 percent). Many of these firms are located in the large agglomerations; primarily in the western 'Randstad' region 11 , followed by the s'-Hertogenbosch-Maastricht corridor in the South-east, and around Groningen in the north. 38 percent of the 4582 firms report innovation with respect to at least one of the innovation categories and many times in multiple categories (see Table 1 ). Overall, 28 percent of firms report new product or services innovations and 21 percent report new process innovations.
Multinational firms are more likely to employ foreign workers, and larger firms are more innovative than small firms. In our dataset 83 percent of the firms' headquarters are in the Netherlands, while the rest are predominantly in neighboring countries such as the UK, Germany, and France. As expected, firms in some sectors are more likely to operate internationally than in others. The largest number of firms with headquarters abroad can be found in the Mining and Quarrying, Chemicals, and Machinery and Equipment sectors, in that order.
Description of foreigners
Of the 1.3 million employees in the 4582 firms of our final dataset, the occupation of only 15,453 employees (including 1373 foreigners) could be traced by the labor force survey EBB (see Figure 3 in Appendix). Many of the foreign employees are working in low-skilled jobs and 72 percent of foreigners are less than 45 years old (see Table 1 ). About 17 percent of the foreign born originate from the EU 15, 6 percent from Central and Eastern European and Balkan countries, and 9 percent from South-East Asia (see Figure 2) . The Netherlands has a long tradition of attracting foreigners from its former colonies Indonesia and Suriname, but also from countries like Turkey and Morocco, triggered by the bilateral guest worker agreements of the 1960s, and more recently from Eastern European countries. The European continent experienced highly transformative political events in the 1990s that have resulted in substantial migration flows in an East-West direction 12 . Although recent statistics suggest that not all of these migrants became permanent settlers, these events would have had an impact on the composition of our sample.
Results of multivariate regression analysis
We begin with showing the effects of various employee diversity measures on the different innovation categories by OLS. Then we account for the sorting of foreigners into particular firms by means of instrumental variables estimation 13 . We also address specific theoretical concerns raised in sections 1 and 2. Firstly, we consider the integration hypothesis through taking second generation immigrant employees into account. Secondly, we consider the immigrant skill composition and take a sub-sample that excludes the sectors that employ the highest shares of unskilled immigrants (retail trade, hotels and restaurants, and low-skilled business services, such as cleaning, security and secretarial services). Linear probability models estimated with the full sample are reported in Table 3 . The first column gives the results for firms reporting innovation activity in general. The second column refers to product innovation and the third column to process innovation. All estimations include a series of firm related control variables to account for the firms' innovative capacity, fixed capital inputs and networks. The findings related to the firm variables are very robust over all the estimations. Therefore, we will not discuss these here in detail. Just to briefly summarize the impact of firm characteristics on innovation, we note that firm size, openness to change, having a long term knowledge acquisition strategy and personnel obstacles, as well as technological obstacles, appear very significant determinants of reported innovation. All of these variables do have expected signs, and are significant at least at the 5 percent level. All equations include sector dummies. As expected, some sectors are more prone to innovate than others. The coefficients of sector fixed effects show that the sectors Wood, Paper and Pulp; Chemicals; Metals; and Machinery and Equipment have a higher probability to innovate We now focus on the employee variables in Table 3 . We find that the presence of highly-skilled employees appears to be an important determinant of innovation as a whole. In particular, firms with a highly-skilled or scientifically trained workforce have significantly more product innovations at the 1 percent and 5 percent level respectively 14 . However, for process innovations we find a statistically significant effect of only the scientifically trained workforce (at the 5 percent level).
The results regarding age composition of the employees of the firm show that a more youthful workforce generates more innovation. Among the four age categories included in the regressions, the age groups 25-34 and 35-44 turn out to have a very considerable effect on all innovation categories. Interestingly, a statistically significant positive effect is also found for employees aged 55-64 (relative to the default age category 18-24) in the case of innovativeness as a whole. However, the coefficient is smaller than the corresponding coefficients for employees aged 25-34 or 35-44. Table 3 shows that a greater share of foreigners in employment is associated with lower innovation as a whole and also with less product innovations. A similar result was also found by Ozgen et al. (2012) in an analysis of patent applications at the regional (NUTS 2) level in Europe. Brunow et al. (2012) found a similar effect with respect to firm productivity, using micro-level firm data from Germany. As noted in Section 2, the negative effect of a relatively larger share of foreigners in overall employment is plausible when one considers that the reservation wages of the migrant workers are likely to be lower than those of the native born population. Consequently, by recruiting more foreign workers, firms lower the cost of labor relative to capital. This induces more labor-intensive production, which is less likely to be encouraging innovation than capital-intensive production technologies.
However, the benefit from migration for innovativeness of the firm comes instead from the diversity of the foreign workforce. We find that the diversity index has a positive effect on product innovations and on innovations in general. Both are statistically significant at the 5 percent level, while the effect is statistically insignificant for process innovations. The result suggests that the cultural composition of foreign employment certainly matters for a firm's innovativeness.
The second measure of diversity we utilize is the natural logarithm of a measure called 'unique' , which stands for the total number of unique birthplaces in each firm, as explained in Section 3. This is quite a different way of measuring diversity than accounting for the fractionalization of foreign employment in a firm although the two measures are correlated (the correlation coefficient is 0.60). We find that, for product innovations, an increasing number of birthplaces increases the probability to innovate, though the effect is significant only at the 10 percent level.
We now re-estimate the regression of Table 3 , with two instruments used to explain the endogenous share of foreigners. All other variables are the same as in the OLS regressions (except that regional fixed effects are dropped due to the municipality-based instruments). The results can be found in Table 4 . The first three estimations include only the share of foreign born employees. The second three estimations add the fractionalization index. The third set replaces the fractionalization index by the natural (1), (2), (3) (4), (5), (6) (7), (8) Table 3 . Robust standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
logarithm of the number of countries of birth represented among a firm's employees. The IV estimation reconfirms the negative impact of the share of foreigners. As in Table 3 , the coefficients are statistically significant (at the 5 percent level) only for innovations as a whole and for product innovations. However, the coefficients are more negative than with OLS. The upward bias of the OLS estimate suggests that foreign workers are on average more attracted to less innovative firms, which may be linked to migrants to the Netherlands being on average less skilled than native born workers. Together, the two instruments pass the formal Hansen J test of overidentification, and turn out to be strong instruments with F values greater than 10 in estimations with the full sample reported in Table 4 . The F value for the instrument number of foreign restaurants is slightly less than 10 when the IV estimations are repeated for the sample of firms where sectors employing low-skilled foreigners are excluded (see below).
With respect to the negative coefficient for the share of foreigners in firm employment, one can argue that not all of the foreign born should be considered the same. Those who spent more time in the host country are likely to have acquired some native skills and language. Therefore, they should not trigger the same innovation decreasing effects as newcomers. Although we cannot identify the date of entry of a foreigner into the Netherlands, we observe the parents' and the employee's birthplaces. Therefore, by including second generation immigrant workers into the IV regressions reported in Table 4 , we can test whether there is a difference between first generation immigrant workers and those who were born in the Netherlands in their contribution to firm innovations. The results in Table 4 show that the impact of the share of first generation foreigners is negative and significant for innovations as a whole and for product innovations. The coefficient for product innovations is smaller than that for all innovations. However, we find that relative employment of second generation immigrants does not significantly impact on innovation at all, or with a coefficient that is much less than for first generation immigrants (see columns (7) and (9)). Unfortunately, the data do not allow us to scrutinize the specific mechanisms that may cause these results.
When we add in Table 4 the diversity index to the share of foreigners, we find that the diversity index is positive and significant (at the 1 percent level) for innovations as a whole and for product innovations. The effect size is relatively higher than those estimated in other specifications. The other covariates included in all of the IV estimations are quite robust with respect to previous findings.
Not all sectors are attracting the same number and types of foreigners; and not all sectors are expected to reap benefits from the diversity of foreign labor. Therefore, we proceed with exploring specific group of firms and sectors to allow for varying benefits firms could get from employing immigrants. The migration literature suggests that low-skilled immigrants often sort into sectors and jobs where job mobility is relatively high, entry barriers are low and training opportunities are limited. Such jobs give an opportunity to low-skilled foreigners to be active in the labor market without improving their skills. Hence to test the effect of immigrant skill composition across sectors on the relationship between immigrant employment shares and innovation, we present in Table 5 findings when the sectors with the highest shares of low-skilled foreign born workers are excluded from the full sample. These sectors are Retail Trade; Hotels and Restaurants; and Low-skilled business services 15 . Estimation is again presented by means of IV. With this subsample, the share of foreigners remains statistically significant for innovations as a whole and for product (1), (2), (3) (4), (5), (6) (7), (8), (9) Number of foreign restaurants per 10,000 population in 1996 Table 3 . The sub-sample excludes three sectors in which immigrants are predominantly unskilled. These are: Low-skilled Business Services, Hotels and Restaurants, and Retail Trade. Robust standard errors in parentheses; ***p < 0.01, **p < 0.05, *p < 0.1.
innovations. Once sectors employing predominantly low-skilled immigrants are left out of the sample, the coefficients of the diversity variable are larger. Moreover, the 'unique' variable is also positive and statistically significant, both for innovations as a whole and for product innovations in Table 4 and even for process innovations in Table 5 . Therefore, we conclude that a skilled workforce and a rich birthplace composition of employment are important factors in increasing the probability to innovate. We also explored the relationship between R&D orientation and cultural diversity. The Dutch CIS survey categorizes firms into two types: firms with no R&D activity, and other firms. To measure the impact of worker diversity in firms with some kind of R&D activity, we drop all firms with no R&D orientation. For the sake of brevity we do not report our results in a separate table. The results are qualitatively the same as those in Tables 3, 4 and 5.
It should be recognized that the effects identified in this paper are quantitatively small. An increase in the diversity index from 0.1 (a third of a standard deviation) below the mean (0.45) to 0.1 above the mean increases the probability to innovate products by 2 percentage points in the full sample and by 3 percentage points in the restricted sample. An increase in the unique number of birthplaces similarly increases innovation by 0.1 percentage points in the full sample and 0.15 percentage points in the restricted sample 16 . An increase in the share of foreigners in a firm's employment by 1 percentage point above its mean of 0.1 (which is quite a large increase) decreases the predicted probability to innovate by 2 percentage points at the most. Overall, we observe that when foreigners account for a large share of employment, a firm is less likely to report innovative activities, but the effect is quantitatively small. However, diversity among foreign workers is a booster of innovation. Finally, we analyzed interaction effects between the diversity of the workforce and the share of foreigners in employment. The interaction effects are statistically insignificant, while the positive and significant impact of workforce diversity persists for product innovations. Moreover, the negative effect of the share of foreigners persists as well 17 .
Conclusion
In this paper we focused on estimating the impact of immigrant employees on the innovativeness of Dutch firms. The core data on innovation were obtained from the Community Innovation Survey (CIS) of 2002. However, this survey provides little information on the size and composition of the workforce of the firms. Such information was obtained by linking the CIS with administrative data; namely, the Social Statistics Database, which -in turn -is made up of tax data, and population registration data at the municipality level. While this linked dataset provided measures of the presence and diversity of migrants, it yielded no direct information on the skill level of the migrants. The latter was obtained by linking the data to the Dutch Labor Force Survey (EBB). Because the EBB is a representative sample survey, but not a census, many observations are lost in the linking process. The merging of the firms surveyed in the CIS with the employees surveyed in the Dutch Labor Force Survey was a major research challenge. The final sample consisted of 4582 firms, employing around 1.3 million workers (and around 15,000 workers with known occupations) of whom about 13 percent are foreign born.
The results of the regression analysis concerning the internal resources of firms for innovation are in line with the literature. Additionally, our results emphasize that 'soft' factors like firms' openness to institutional change or development of a knowledge strategy help to reap fruits of R&D in terms of implementing new product and process innovations. The regressions showed that such activity requires the relative abundance of medium and high-skilled employees. In terms of age composition, a relative abundance of employees aged 35-44 boosts innovativeness.
The main purpose of the paper was to investigate whether the explicit presence and diversity of migrants boosts innovation. Generally speaking, a larger share of foreigners among a firm's employees lowers the innovativeness of firms. Moreover, once endogeneity is controlled for by means of valid instruments (the past density of foreign restaurants per municipality, and the past presence of migrant communities in the municipality), the negative and statistically significant impact of the share of foreign workers on the firm's innovativeness is confirmed and even larger. This finding is, of course, consistent with neoclassical economic theory that predicts that when there is an abundance of migrant workers with lower reservation wages; firms will develop expansion strategies that involve the use of labor-intensive production technologies. This is likely to imply that fewer resources, including those linked to new capital equipment, will be devoted to innovation. In any case, this negative impact is shown to be less for second generation immigrants. On the other hand, there is evidence that greater diversity among foreign workers stimulates innovation in general. This is the case whether diversity is either measured by the unique number of foreign countries of birth represented among the firm's staff or by a fractionalization index. The positive impact of diversity on innovation is more robust across specifications when focusing on product innovations than on process innovations. However, the positive impact of immigrant diversity on innovation is quantitatively modest; a one standard deviation (0.3) increase in the diversity index raises the probability that the firm is an innovator by 3 to 4.5 percentage points (around the mean of 38 percent).
Despite the considerable effort that was required in constructing the data set for the analysis, the data did not permit us to ascertain precisely what kind of attributes of a diverse set of migrants may boost innovation, nor which of the various transmission channels outlined in Figure 1 dominates. Future research would benefit from setting up a panel data set that may account for unobserved firm heterogeneity and from obtaining additional migrant characteristics from administrative registers that may provide information much larger micro data sets on migrants. Moreover, as a first step to disentangling the channels of influence outlined in the paper, research ought to try to separate out within firm effects from external spillovers in the local labor market and community.
Nevertheless, the results of our current study already provide some tentative lessons for policy. Firstly, immigrants from a range of countries are neither a homogenous group of workers nor perfect substitutes for locally born workers. Their presence impacts on the innovativeness of host firms dependent on the kind of human capital they provide. Secondly, as long as necessary conditions are present (such as scale, infrastructure, networks and institutional openness of the firms), diversity of the workforce seems to benefit particularly the sectors in which diverse skilled migrants cluster. Finally, it is crucial for firms to design policies to attract high-skilled immigrants from a range of cultural backgrounds in order to compete innovatively in the global marketplace. Endnotes 1 To correct for a possible sample selection issue, we reweight all of our observations by using the total sum of weights for each stratum in the CIS 3.5 based on the two criteria given in the text. Therefore, it is possible to compare the distribution of firms in our sample with that of the population. This exercise reveals that our estimations are based on a sample in which firms with more than 50 employees are somewhat overrepresented. For that reason, the results are more representative of the impact of foreigners on large firms, rather than capturing their impact on small firms. Additionally, non-responses are treated as an absence of innovation. This imputation makes little difference.
2 The exact definitions of the dependent variables are as follows: a product innovation is the market introduction of a new good or service or a significantly improved good or service with respect to its capabilities, such as improved software, user friendliness, components or sub-systems. A process innovation is the implementation of a new or significantly improved production process, distribution method, or support activity for a firm's goods or services. If a firm aborted an innovation during the study period, the firm is still counted as having been innovative. 3 Some input variables, such as total R&D expenditures, predict innovation activity perfectly. In other words, all firms in our sample that reported R&D expenditures between 2000-2002 were innovative. 4 The detailed description of the variables used in the estimations is given in Table 6 in Appendix. 5 The diversity index is sensitive to the presence of dominant migrant groups among all foreign born. Consequently, we measure the diversity index by dividing the world into 12 supra-national regions: Anglo, Confucian Asia, Eastern Europe, Germanic Europe, Latin America, Latin Europe, Middle East, Nordic Europe, Southern Asia, South Eastern Europe, Sub-Sahara Africa, and Rest of the World. This categorization, referred to as GLOBE Clusters in the literature (Gupta et al. 2002 ) is based on the cultural distances between countries. N is 12 in equation (3), but about 200 in equation (4). 6 The number of countries of birth represented in a firm varies between 1 (Netherlands only) and 197. The average is ten countries (see Table 2 ). 7 Although we also observe acquired Dutch citizenship, time spent in the host country is not known. 8 HORECA is an acronym for Hotels, Restaurants and Cafes. This dataset covers the registered bars, restaurants, hotels and all the other businesses in this sector. The data coverage is fairly good and it is currently available from 1995 until 2007. The number of foreign restaurants is counted at the municipal level by the nationality of the cuisine, at the time of registration. For each restaurant, the main location is registered; no 'side' kitchens are registered. This leads to a unique listing, and excludes double counting. 9 The age of a firm is not recorded in our dataset but the estimate is based on OECD data. 10 Access to the data is restricted to certain locations and data terminals. 11 The Randstad region is a large conurbation which is composed of four major Dutch cities (Amsterdam, Rotterdam, The Hague, and Utrecht) and their hinterlands. The region generates 46 percent of national GDP and houses 41 percent of the population in the Netherlands. 12 Among those are the fall of the Iron Curtain, the unification of East and West Germany, as well as prolonged wars in the Balkan area.
Since the main focus of this paper is the contribution of the foreign workers to innovation we also replaced the employee characteristics regarding skill and age with the corresponding variables for foreign employees. While the age group variables for foreigners are robust to the reported findings in Table 3 , we do not find an impact of any of the skill category-based foreigners' shares in firm employment. This is due to the small variation in the number of foreign people in these skill categories. This stems possibly from the fact that the skill data come from the Dutch Labor Force Survey where we observe much smaller number of foreigners in comparison with municipal registrations. 15 Cleaning, security, call centres, secretaries, fotography developers, etc. 16 Ozgen et al. (2012) showed, by using a panel data of 170 NUTS 2 level in twelve
European countries, that a 0.2 increase around the mean of the diversity index (0.49) increases the regional patent applications by about 4 percent. 17 The instrumental variables interaction effects are calculated by means of Stata, whereby in the first stage the endogenous variable is regressed on all the covariates and instruments; and in the second stage, the predicted value of the endogenous variable is used to create the interaction term, and then included in the estimation.
Appendix

Social Statistics Survey
The unit records of the Social Statistics Survey database are very detailed and informative about 10 million jobs per year (a job is a matched combination of employer/business entity data with employee data and recorded start/end date, if applicable). The job data include the location of residence and work of an employee, information on the labor market and income level. Municipality registrations (GBA) are a natural extension of the Social Statistics Survey provided by Statistics Netherlands, and allow us to calculate the exact number of employees per firm at the municipal level, when combined with the tax data (REOS).
Community Innovation Survey (CIS)
The CIS is conducted every two years (in even years). In this study we use the CIS 3.5 version (2000) (2001) (2002) , where the final reporting year is 2002. This version of the survey includes 10,533 firms. The response rate of firms in the CIS 2000-2002 survey is 62 percent. Each firm has a firm identification number 'BEID'. The continuity of surveys provides a regular snapshot of various aspects of innovation. It is not only informative about technological innovations on new products/services and goods, but also includes a certain amount of information on non-technological/business/organizational changes and newness. The survey allows us to classify firms by 5-digit 'SBI93' codes that stand for Standard Industrial Classification of Statistics Netherlands, and these codes are directly analogous with the 2-digit NACE codes. 
Dutch Labor Force Survey
The Dutch labor force survey (EBB) is a quarterly survey, conducted since 1996, with a rotating panel drawn from the Dutch labor force. A single respondent in the panel is expected to be surveyed 5 times in total, over the course of 15 months. The EBB contains a variable called 'RIN' that stands for the personal identification number which allows researchers to combine it with various datasets such as the tax data and municipality registrations by using this id. The survey includes a fairly extensive number of questions in 28 categories regarding households as well as Dutch and foreign employees. Some of the modules in the EBB Overview are as follows: Household, Ethnicity, Birth Country, Service (type of contract), Working Hours, Commuting, Company, Job Situation, Job Searching, Trade Union, Education, and Pension. Table 6 The description of the firm variables used in the estimations Figure 3 The description of data merging process. Note: The Final Dataset (CIS_REOS_GBA_EBB) identifies the occupation of 15,453 employees of whom 1373 are foreigners.
